C olonic diverticular disease is a common and costly health problem, ranking as the eighth leading gastrointestinal disease in terms of health care costs in Europe and North America. 1 The prevalence increases with age 2 and although asymptomatic diverticulosis is benign, symptomatic diverticular disease is common and is associated with chronic recurrent symptoms, reduced quality of life, 3 and an increasing rate of complications. 4 Given the overall aging population worldwide, the increasing societal burden of diverticular disease calls for a better understanding of the underlying pathophysiology. Genetic susceptibility in diverticular disease has been shown, 5 but most risk factors are related to lifestyle. 3, 6 Adulthood obesity and physical inactivity have been linked with an increased risk of symptomatic diverticular disease, whereas strenuous exercise has been shown to be protective. 3, 6 Other recognized risk factors for complicated diverticular disease, diverticulitis, and diverticular bleeding include smoking and narcotic use. [7] [8] [9] However, only adult lifestyle risk factors are known. A growing body of evidence suggests that adolescence is a risk period for the development of behaviors and lifestyle risk factors, 10 such as obesity 11 and physical inactivity, 12 that persist into adulthood. 13 However, the role of adolescent lifestyle factors in the development of diverticular disease in adulthood has been poorly studied. We hypothesized that adolescent lifestyle factors impact the risk of diverticular disease later in life.
Materials and Methods

Study Population
Data from a nationwide, population-based study conducted during 1969 to 1970 of all enlisted Swedish male conscripts was used. Conscription was mandatory in Sweden during the time of the study with an exemption of only 2% to 3% of men, mostly because of severe disabilities or diseases. This study was based on 49,321 Swedish men, ages 18 to 20, included at that time.
Procedure
Baseline. All conscripts underwent extensive mental and physical health examinations including personal interviews and questionnaires on alcohol, smoking, and use of recreational drug consumption.
Follow-up evaluation. All Swedish citizens are assigned a personal identity number a few days after birth or after immigration.
14 Through the personal identity number, the data set was linked to the National Patient Register (NPR). The NPR was established in 1964, established nationwide in 1987, and contains all hospitalization-pertaining information such as dates of hospital admissions, discharges, and discharge diagnoses classified according to International Classification of Diseases (ICD) codes. The register has approximately 99% coverage of all somatic discharge diagnoses, and the validity of hospital discharge diagnoses is between 85% and 95%, depending on diagnosis. 15 
Exposure: Lifestyle Factors
Body mass index. Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters (kg/m 2 ). We categorized BMI into the following groups: <18.5 kg/m 2 (underweight), 18.5 to <22.5 kg/m 2 (low normal), 22.5 to <25 kg/m 2 (high normal), !25 kg/m 2 (overweight þ obese). The low normal category (BMI, 18.5 to <22.5 kg/m 2 ) was used as a reference category. Because of the low number of obese (BMI !30) men (0.8%), overweight and obesity categories were combined into 1 category.
Cardiovascular fitness. Cardiovascular fitness was assessed using an ergometer cycle, in which the men's maximum work capacity was divided by body weight and transformed into a stanine scale. The men received a score from 1 to 9, with a higher number indicating a better result. 16 Use of recreational drugs. Use of recreational drugs was defined as present if the conscript had ever tried or was actively using any recreational drug, except for alcohol and tobacco, at the time of conscription.
Smoking. Smoking at the time of conscription was classified as either absent, between 1 and 5 cigarettes per day, 6 to 10 cigarettes per day, 11 to 20 cigarettes per day, or more than 20 cigarettes per day.
Alcohol consumption. Weekly alcohol consumption was classified as either absent, 1 to 100 g/wk of pure alcohol, 101 to 250 g/wk, or more than 250 g/wk.
Risky alcohol use. Risky alcohol use was defined as present if the conscript reported consumption of alcohol to alleviate a hangover, having been apprehended for drunkenness, and/or being drunk often.
Outcome: Symptomatic Diverticular Disease Requiring Hospitalization
The outcome of interest, symptomatic diverticular disease resulting in hospital admission, was identified by ICD codes (ICD 8th revision [ICD-8]: 562.10-11; ICD 9th revision [ICD-9]: 562.10-13; and ICD 10th revision [ICD-10]: K57.2-5, K57.8-9) when reported as primary discharge diagnoses in the NPR. In Sweden, ICD-10 has been used since 1997 and ICD-8 and ICD-9 from 1969 to 1996. Patients with a secondary discharge diagnosis of gastrointestinal hemorrhage (ICD-8: 578.9; ICD-9: 578.9; ICD-10: K92.2) were excluded a priori to exclude diverticular bleeding as outcome (Supplementary Table 1 ).
Statistical Analysis
All analyses were performed in Stata 14.0 (StataCorp, College Station, TX) and a 2-sided a value of .05 was used to test for statistical significance.
Descriptive Data
Descriptive data are presented per BMI category and in total. Dichotomous and categoric variables are presented as percentages, and continuous variables are presented as mean values. Differences between groups were calculated using a chi-square test for dichotomous and categoric variables and the Kruskal-Wallis test for categoric and continuous variables.
Survival Analysis
Cox regression analysis was performed to assess the association between lifestyle factors and later symptomatic diverticular disease requiring hospitalization. Estimates are presented as hazard ratios (HRs). First, one crude model per lifestyle factor: BMI (continuous and categoric), cardiovascular fitness, smoking, use of recreational drugs, alcohol consumption, and risky alcohol use were calculated. Second, a multivariate model including all lifestyle factors was calculated, with 1 model with BMI as continuous and 1 model with BMI as a categoric variable. The models were tested for proportionality using Schoenfeld residuals, with no evidence of violation. Risk time was calculated as the time from conscription until the time of the first registered discharge diagnosis of symptomatic diverticular disease, death of any cause, emigration, or the end of the follow-up period (December 31, 2009), whichever came first. After emigration, the men were considered lost to follow-up evaluation but contributed with the time until emigration to the analysis. A flowchart for participant inclusion in the analyses is presented in Figure 1 .
Ethical Considerations
The regional ethics committee at Karolinska Institutet (Dnr 2004/5:9-639/5) approved this study. Because of the character of the database and the anonymization of all data, no written informed consent was needed.
Results
Of the 49,321 men, 5549 men had incomplete data for any of the exposure variables, leaving 43,772 observations for analysis. During the follow-up period, 3019 of these men died and 421 emigrated. The mean follow-up time was 37.8 years (SD, AE4.8 y; range, 0-39 y), or 1,657,659 person-years. A total of 444 men received a primary discharge diagnosis of symptomatic diverticular disease during the follow-up period. The mean time to the first primary diagnosis of symptomatic diverticular disease requiring hospitalization was 30.0 years (SD, AE6.26 y; range, 2-39 y). Of the 444 men hospitalized for symptomatic diverticular disease, 184 men subsequently were re-admitted with the same diagnosis, accounting for a total of 374 hospital re-admissions with the same discharge diagnosis.
Distribution of Lifestyle Factors
Descriptive statistics at baseline per BMI category and in total are presented in Table 1 . The mean BMI at conscription was 21.0 kg/m 2 (SD, 2.6 kg/m 2 ), and very few men (0.8%) were classified as obese. The majority (70.7%) consumed alcohol, but less than 100 g/wk. At the time of conscription, 58.6% were smokers and 11.6% reported ever having used recreational drugs.
Lifestyle Factors and Risk of Diverticular Disease
Associations between lifestyle factors and risk of development of diverticular disease requiring hospitalization are presented in Table 2 . BMI was associated with an increased risk of diverticular disease both as a continuous variable and a categoric variable. In the multivariate model, the risk increased by 9% per unit increment in BMI (HR, 1.09; P < .001). Conscripts in the combined overweight and obese category (BMI !25) had a 2-fold risk of developing symptomatic diverticular disease compared with those with a low normal weight (BMI, 18.5-22.5; HR, 2.02; P < .001) (Figure 2) . In both the univariate and multivariate analyses, adjusting for BMI, smoking, use of recreational drugs, alcohol, and risky alcohol use, higher cardiovascular fitness was protective against the development of diverticular disease (HR, 0.94; P ¼ .02) ( Table 2) .
Smokers had a higher risk of developing symptomatic diverticular disease compared with nonsmokers, which was significant for all smoking categories except for the highest. Use of recreational drugs and alcohol consumption per se was not associated with risk of development of symptomatic diverticular disease (P ¼ .76, P ¼ .19; respectively). Risky alcohol use, however, was associated with a 43% increased risk of developing symptomatic diverticular disease after adjustment of the other lifestyle factors (HR, 1.43; P ¼ .01) ( Table 2 ).
Discussion
In this large population-based cohort study of late adolescent men with prospectively recorded exposure data, we found that a high BMI, low cardiovascular fitness, smoking, and risky alcohol use were significantly and independently from each other associated with an increased risk of developing symptomatic diverticular disease requiring hospitalization. The impact of high BMI on diverticular disease has been reported previously in 3 adult cohort studies; this study reports data from an exclusively late adolescent cohort. In the US Male Health Professional Cohort, Strate et al 17 reported that a high BMI, waist circumference, and waist-to-hip ratio significantly increased the risk of diverticulitis and diverticular bleeding. However, the outcomes were measured by self-report and follow-up time was limited to 18 years. In 2 Swedish prospective cohort studies, overweight and obesity, in both women and men, was associated with a 2-to 4-fold increased risk of diverticular disease requiring hospitalization. Similarly to our study, their outcomes were identified through the NPR discharge codes, but the youngest participant in each cohort was age 40 and age 47, respectively, and follow-up time was only 12 and 28 years, respectively. 6, 18 Our study not only affirms the impact of high BMI in developing symptomatic diverticular disease, but reports the role of high BMI in a late adolescent population, highlighting the role of lifestyle behaviors adopted in late adolescence on adulthood health. The causative mechanisms behind obesity increasing the risk of symptomatic diverticular disease are unknown. However, several plausible mechanisms exist. For example, adipose tissue secretes inflammatory cytokines, which has been linked with immune cell infiltration in muscle and adjacent tissues in obesity, 19, 20 possibly playing a role in the development of symptomatic diverticular disease. In addition, a growing body of evidence has shown obesity to be associated with an alteration of human gut microbiota. 21 Although the association is complex and at present not fully understood, 22 a predominance of Firmicutes over Bacteroidetes has been observed in obese individuals, whereas the opposite pattern predominated in lean individuals. 23 Similar microbiota alteration, with predominant Firmicutes strains over Bacteroidetes, has been reported in patients with symptomatic uncomplicated diverticular disease when compared with controls. 24, 25 We hypothesize that the duration of exposure to a high BMI plays a role in the long-term inflammatory state, altering the muscular integrity of the colon and microbiota balance, leading to an increased risk of symptomatic diverticular disease.
Similar to Strate et al, 26 who reported on strenuous exercise being protective against symptomatic diverticular disease in adults, higher cardiovascular fitness in the present study was a protective factor against future symptomatic diverticular disease independent of all other lifestyle factors.
Smoking has been reported to increase the risk of symptomatic and complicated diverticular disease in 3 adult population-based studies. However, conflicting data exist on the dose-response relationship between smoking and diverticular disease. Humes et al 9 found a dose-dependent response, with patients who smoked more than 15 cigarettes daily being at greatest risk of developing symptomatic diverticular disease vs nonsmokers, whereas Hjern et al, 7 who reported a 24% increased risk of symptomatic diverticular disease in current smokers vs nonsmokers, were unable to report such dose-response effect. Similarly, we found no doseresponse effect because the size of the increased risk of developing symptomatic diverticular disease was similar across smoking categories. Albeit not significant in the highest category in the multivariate analysis, the low number of heavy smokers among cases (N ¼ 21) likely explains this finding. Plausible explanations to the role of smoking in the pathogenesis and symptomatic diverticular disease include impaired colonic wall integrity, reduced blood flow, changes in immune cell infiltration, alteration of gut transit times, and colonic microbiota composition.
Conflicting results exist on alcohol as a risk factor for diverticular disease. Tonnesen et al 27 reported on patients admitted for alcoholism in the Danish National Registry to have a nearly 3-fold risk of being hospitalized for diverticulitis in comparison with the general population, whereas 2 prospective population-based studies did not find this association when adjusted for age and other confounders. 28, 29 In the current study, we report that risky alcohol use in early adulthood increases the risk of developing symptomatic diverticular disease by 43%, whereas the mere use of alcohol does not. These findings corroborate with the hypothesis that risky alcohol use increases the risk for overall comorbidities. 30 The lack of association between use of recreational drugs and the development of diverticular disease suggests that the risk is specific to risky alcohol use and not risk behaviors in general. One potential explanation could be that overall drug use was not as common as alcohol consumption in Sweden at the time of the study.
Our study had several strengths. First, this was a large well-characterized population-based cohort (N ¼ 43,772) with detailed health data from baseline and reliable data at follow-up evaluation. Second, we had a low rate (1%) of loss to follow-up evaluation, minimizing risk for selection bias. This study had an exclusively adolescent population, reducing the risk of reverse causality in the observations. Few studies have included participants younger than age 40 years, [31] [32] [33] but none was prospective. In addition, our study includes a longer follow-up period than previous prospective studies (39 vs 12-30 y in follow-up evaluation). 6, 7, 9, 17, 26, 34 Some limitations in the present study exist. Use of primary ICD codes as classification of diverticular disease is a potential shortfall. Although the ICD codes are derived from clinicians' discharge summaries and subsequent report to the NPR, diverticular bleeding may have been included. To minimize risk of misclassification, we excluded any case with a secondary discharge diagnosis of gastrointestinal hemorrhage (K92.2, 578.9). Moreover, although sensitivity is unknown, a previous review of coding of 528 consecutive admissions to a single center in Sweden reported a correct classification in 95.8% of cases with symptomatic diverticular disease using the ICD-10 K57.2-9 codes. 7 Similarly, a high predictive value for diverticular disease using ICD-10 codes have been reported in the Danish National Registry of Patients. 35 Hence, misclassification is less likely. Another potential limitation was that complete national coverage of the NPR was not attained until 1987, possibly explaining why only a few cases were diagnosed with diverticular disease in noncovered areas before that time. However, we previously reported that diverticulosis is rare before the age of 40, 2 and hence expect these cases to be very few. Time trends in hospitalizations were not possible, as all the included participants were of similar age and conscribed from 1969 to 1970 and this precluded the discernment between the effect of time versus the effect of the participants becoming older. 36, 37 Our study included men only, limiting the generalizability to women. Although some studies suggest a gender predilection, 38 most studies, including our previous population-based study, do not suggest a gender difference in diverticular disease prevalence. 2, 39 However, the impact of adolescent lifestyle factors on symptomatic diverticular disease needs to be confirmed in young women.
Missing data on covariates excluded 5549 individuals (12.7%) from the cohort and final analysis. The proportion of hospitalization owing to symptomatic diverticular disease was similar (1.1%) compared with the final group (1.0%).
A high BMI resulting from large muscular mass in muscular athletic men was a possibility, 40 but we minimized this risk by adjusting for cardiovascular fitness. Finally, data on lifestyle factors collected only at baseline and a lack of dietary factors limits the conclusions of the impact of changes in lifestyle factors and diet on future symptomatic diverticular disease. Although lifestyle factors may be changeable in individuals, studies suggest that obesity/high BMI in childhood, regardless of future normalization of the BMI, is a lifelong condition with a long-term effect if present once in childhood. 41 Future studies evaluating potential risk reduction by change in adulthood lifestyle and hospitalized symptomatic diverticular disease are warranted.
We conclude that a high BMI, poor cardiovascular fitness, risky alcohol use, and smoking in late adolescence are associated with an increased risk for development of diverticular disease later in life. Our data suggest that early adulthood interventions preventing obesity, increasing physical activity, and reducing smoking and risky alcohol use may reduce the burden on society of diverticular disease given the increasing prevalence of obesity and an aging population worldwide.
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